ern blot. Trizol reagent, Revert Aid TM First Strand cDNA Synthesis Kit and Dream Taq TM PCR Master Mix were used for RT-PCR. NF-B nuclear translocation assay kit, total nitric oxide assay kit and 1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate (DiI), were from Beyotime Institute of Biotechnology (Shanghai, China). Positive drug simvastatin (SIM) was obtained from National Institutes for Food and Drug Control (Beijing, China). LEE was obtained from the International Biotechnology Research and Development Center of Shandong University at Weihai using our previous procedure 13) .
VSMCs Isolation and LEE Treatment
Male Sprague-Dawley rats were obtained from the School of Medicine at Shandong University. VSMCs were isolated from the thoracic aorta and cultured in DMEM containing 10% FBS, 100 U/mL penicillin and 100 µg/mL streptomycin 14) . LEE was obtained from the International Biotechnology Research and Development Center of Shandong University at Weihai using a previous procedure 13) . VSMCs were subjected to six conditions: (1) LPS (1.0 µg/mL) as model control; (2) LPS(1.0 µg/mL) SIM(10 µM) as positive control; (3) LPS(1.0 µg/mL) LEE(50 µg/mL); (4) LPS(1.0 µg/mL) LEE(100 µg/mL); (5) LPS(1.0 µg/mL) LEE(200 µg/mL); (6) LPS(1.0 µg/mL) LEE(400 µg/mL).
THP-1 and RAW264.7 Cell Culture
Human monocytic cell line THP-1 and murine monocyte-macrophage-like cell line RAW264.7 were obtained from the Institute of Biochemistry and Cell inflammatory cells to promote lesion formation. VSMCs and macrophages are in direct contact, and a variety of adhesion molecules are involved in this process, including VCAM-1 and ICAM-1 [3] [4] [5] [6] . Thus, the VSMCs are capable of retaining macrophages in the lesion of atherosclerosis.
Pro-inflammatory factors produced by VSMCs, endothelial cells, macrophages and T cells can promote the progression of atherosclerosis 7) . In VSMCs, some of the most important are platelet-derived growth factor (PDGF), macrophage migration inhibitory factor (MIF), inducible NOS (iNOS) and MCP-1 8, 9) . Leech has been widely used as a traditional Chinese medicine in cardiovascular diseases [10] [11] [12] . Our previous studies have investigated the anti-atherosclerosis effect of LEE (leech enzyme extracts) from Whitmania pigra Whitman using ApoE / mice, and found the treatment of LEE could obviously attenuate the area of atherosclerosis lesion. This effect is dose dependent and mainly a result of a reduced invasion of macrophages in the artery walls 13) . However, it remains unclear whether LEE can affect the abilities of VSMCs in recruiting and retaining macrophages. Therefore, our present study was aimed at uncovering the effects of LEE on the expression pro-inflammatory mediators, adhesion molecules and MCP-1 in VSMCs.
Materials and Methods

Materials
Antibodies for TLR4, MCP-1, iNOS, ICAM-1, VCAM-1, p38MAPK, p-p38MAPK, JNK1/2, p-JNK 1/2, ERK1/2, p-ERK1/2, -actin were used for west- : GGCA TCAT CTTC ATTG TCCT TG  R: AGCA TTGT CCTC CCAC TCG   111   iNOS  F: TTCA GGTA TGCG GTAT TTGG  R: GTTG GAAG TGTA GCGT TTCG   249   TNF-F: CTTA TCTA CTCC CAGG TTCT CTCA A  R: GAGA CTCC TCCC AGGT ACAT cells) was added to the upper surface of the chamber whose basement membrane had been embedded with Matrigel. The lower chambers were filled with DMEM (500 µl) supplemented with LPS, LPS SIM or LPS LEE. The chambers were incubated at 37 to allow for cell migration. After removal of the cells on the upper surface, the cells on the lower surface were fixed with 4% paraformaldehyde. Crystal violet (0.1%) was used to stain the migration cells. Five random areas of cells per membrane were counted using a microscope.
The THP-1 and RAW264.7 Chemotaxis Assay
The lower chambers were filled with DMEM supplemented with culture supernatant of the VSMCs which had been incubated in relevant conditions according to the planned six groups mentioned up. THP-1 cells were added to the top of the chamber. After incubation for 12 h at 37 , the upper chambers Biology in Shanghai and cultured in DMEM medium containing 10% FBS, 100 U/mL penicillin and 100 µg/mL streptomycin. Both these cell lines are commonly used to study the biology of monocyte and macrophage 15, 16) .
Wound-healing Assay in vitro
The VSMCs were grown to confluence in 24-well plates. After starving in serum-free DMEM medium for 24 h, a sterile pipette tip was used to create a straight scratch through the center of each well 17) . Cells were incubated with or without LPS, SIM and LEE. The wounds were photographed and analyzed at 48 h after the scratch.
The VSMCs Migration Assay
A modified Boyden chamber with an 8 µm pore size was used for the VSMCs migration assay 18) . Briefly, 100 µl of serum-free cell suspension (2 10 primers for rat TLR4, TNF-, iNOS, MCP-1, ICAM-1, VCAM-1, and -actin. The PCR amplification procedure was performed with denaturation at 95 for 30 s, annealing at Tm for 30 s and DNA extending at 72 for 60 s. A total of 30 amplification cycles were carried out. The PCR products were electrophoresed in 1.2% agarose gel. After staining with ethidium bromide, the total cDNA was determined by UV spectroscopy. -Actin was utilized as a housekeeping gene as indicated. Primers for RT-PCR are listed in Table 1 .
Western Blot
The VSMCs were lysed with RIPA, and the supernatants were collected after centrifugation at 10 000 rpms for 5 min at 4 . Protein concentrations were measured using the BCA protein assay kit using bovine serum albumin. Samples were separated by SDS-PAGE and transferred to a polyvinylidene difluoride (PVDF) membrane. After blocking with 5% fatfree milk in TBST (20 mM Tris -HCl (pH 7.6), 150 mM NaCl, 0.1% Tween 20), the PVDF membrane was incubated with primary antibodies at 4 overnight. Then the PVDF membrane was washed three times in TBST before incubating with horseradish were removed, and then THP-1 cells in the lower chambers were observed under phase contrast microscope after conventional centrifugal operation. As for RAW264.7, after removal of the cells on the upper surface, the cells on the lower surface were fixed with 4% paraformaldehyde. Crystal violet (0.1%) was used to stain the migration cells. Five random areas per membrane were counted using a microscope.
The THP-1 and RAW264.7 Adhesion Assay
The cell adhesion assay was performed as described previously 19) . The VSMCs were treated with LPS or LPS with SIM or LPS with LEE in 24-well plates. THP-1 or RAW264.7 monocytes (2.5 10 5 cells/mL) labeled with DiI was added to each well. After incubation for 2 h, the unbound cells were aspirated. Five fields were captured using a fluorescence microscope and the numbers of adherent cells were counted.
RT-PCR
Total RNA was isolated using Trizol reagent, and was quantified spectrophotometrically at a ratio of 260 -280 nm. RT-PCR was performed by using an RT-PCR System kit according to the protocol, with 
Results
VSMCs Wound-healing Assay
There were two terms we needed to give new meanings to: Healing rate and anti-migration rate. The following two formulas could account for the implications of these two terms: Healing rate (the initial gap width the later gap width)/the initial gap width; anti-migration rate (the later gap width of group X the later gap width of group control)/the initial gap width of group X. Compared with the normal control group, the mobility of the LPS and the SIM group differed greatly. More importantly, the potential performance of LEE was equal to that of SIM (10 µM) in inhibiting VSMCs migration in the concentration of 200 µg/mL (Fig. 1A and 1C) .
LEE Attenuates VSMCs Migration and Decreases the Chemotaxis of THP-1 and RAW264.7
The modified Boyden chamber was involved in these experiments. The anti-migration effect of LEE was consistent with the result of the VSMC scratch healing assay in the previous section. The migration rate of VSMCs could be reduced to below that of the peroxidase-conjugated secondary antibodies for 120 min. The optical densities of bands were quantified by using Image J. -Actin was the endogenous control, and results were expressed relative to control.
Immuno-fluorescent Staining
The VSMCs were fixed in 4% paraformaldehyde and incubated overnight at 4 with rabbit anti-NF-B p65 IgG. Cell samples were washed and further incubated with biotinylated anti-rabbit IgG for 1 h. After washing, the cell samples were incubated with 4',6-diamidino-2-phenylindole (DAPI) for 30 min. NF-B-positive cells were counted in three separate sections using a fluorescent microscope.
Statistical Analysis
Data were described as mean SD. Differences between groups were assessed by one-way ANOVA. Statistical tests were done with SPSS software (International Business Machines Corporation, USA). A value of P 0.05 was considered as the criteria of statistical significance. P 0.05 vs control, P 0.05 vs LPS, P 0.01 vs LPS, P 0.05 vs LPS SIM. group the number of cell adhesion in blank control)/ (the number of cell adhesion in model group the number of cell adhesion in blank control). Our data clearly showed that the number of adherent cells gradually reduced with the increase of LEE concentration. LEE (200 µg/mL) could decrease the adhesion of THP-1 and RAW264.7 to LPS-stimulated VSMCs, and the inhibition rate of those two experiments were 76% and 220% respectively (Fig. 3) .
Effect of LEE on Expression of Adhesion Molecule and MCP-1 in VSMCs
LPS stimulation caused an increased secretion of inflammatory factor, adhesion molecule and MCP-1. The LEE inhibited the upregulation of TLR4, TNFand iNOS in VSMCs at the mRNA and protein level. However, LEE could probably specialize in reducing the expression of ICAM-1, VCAM-1 and MCP-1 compared with the inhibitory effect on inflammatory factors, particularly as even the highest concentration of LEE would not be able to reduce the generation of control group with LEE of 200 µg/mL (Fig. 1B and  1D) .
In order to study whether LEE has an influence to the chemotaxis of THP-1 or RAW264.7 to LPSstimulated VSMCs, we proposed a parameter on the chemotaxis inhibition rate, which was a function of the cell migration rate. The calculation method for MIR (migration inhibition rate) 1 (the number of cell migration in X group the number of cell migration in blank control)/(the number of cell migration in model group the number of cell migration in blank control). LEE (200 µg/mL) could decrease the chemotaxis of THP-1 and RAW264.7 to LPS-stimulated VSMCs, and the inhibition rate of those two experiments were 60% and 80% respectively (Fig. 2) .
LEE Decreases the Adhesion of THP-1 and RAW264.7 to LPS-stimulated VSMCs
The calculation method for the adhesion inhibition rate (AIR) was similar to that of MIR. The formula for AIR 1 (the number of cell adhesion in X 
Effect of MAPK and NF-B Inhibitors
The SB203580 (p38 MAPK inhibitor), U0126 (ERK inhibitor), SP600125 (JNK inhibitor) and PDTC (the NF-B inhibitor) inhibited the expression of proteins mentioned above in the LPS-induced VSMC. These results indicated that these signaling pathways are involved in the LPS-induced inflammation process (Fig. 7) .
LEE Inhibits LPS-induced Phosphorylation of p38 MAPK, ERK and JNK in VSMCs
LPS-induced phosphorylation of ERK1/2, p38 MAPK and JNK1/2 in VSMCs was attenuated by LEE treatment to a different degree. Our results showed that the p38 MAPK signaling pathway was involved in LEE's inhibition in VSMCs while the JNK is only TNF-mRNA significantly. In other words, if SIM was taken into consideration, the anti-inflammatory effect of LEE would be slightly less than SIM. In spite of this, LEE could reduce the expression of ICAM-1, VCAM-1 and MCP-1 to normal levels (Fig. 4, 5) .
LEE Prevents the NF-B Translocation to Nucleus
The activation of NF-B contributes to inflammation status by promoting the expression of inflammation genes. To verify NF-B p65 nuclear translocation, we analyzed VSMCs by fluorescence microscopy and the depth of the magenta color illustrated the degree of p65 translocation. Our results revealed that LPS significantly increased nuclear translocation of NF-B p65 which could be prevented by LEE treatment (Fig. 6) .
Fig. 5. Inhibitory effect of LEE on LPS induced proteins production in VSMCs
VSMCs were pretreated with LPS (1 µg/mL) for 24 h, and then treated with LEE for another 24 h. Total protein was extracted and then detected by western blotting. P 0.05 vs control, P 0.05 vs LPS, P 0.01 vs LPS. Data are from three independent experiments. leech extracts on the expression of inflammatory factors, adhesion molecules and MCP-1 in rat VSMCs.
The VSMCs express the cellular adhesion molecules and chemokines in atherosclerosis 8) . Thus, effective block of these proteins may help to ameliorate the development of atherosclerosis. In this study, we revealed that LEE is capable of inhibiting LPSinduced upregulation of adhesion molecules ICAM-1, VCAM-1 and one chemokine MCP-1 in VSMCs in a concentration-dependent manner. In parallel with these results, migration and adhesion of THP-1 and RAW 264.7 to LPS-activated VSMCs was markedly decreased by LEE. To our knowledge, this is the first report on the inhibiting effect of LEE on adhesion molecules and MCP-1 expression in VSMCs.
Although NO production by the enzyme eNOS slightly involved in this process (Fig. 8) .
Discussion
Atherosclerosis is a chronic inflammatory disease. Studies have revealed that endothelial cells, VSMCs and inflammatory cells are involved in atherosclerosis pathological process 7) . The migration and proliferation of VSMCs play an important role in the process of intimal thickening, which is an important pathogenic change of atherosclerosis. Leech (Whitmania pigra Whitman) is a traditional Chinese medicine included in Chinese Pharmacopoeia (2010) to treat cardiovascular diseases including atherosclerosis, however previous research has rarely reported the molecular mechanism for its curative effect. Thus, our study focuses on the effects of Confluent VSMCs monolayers were grown on coverslips followed by being incubated with different conditions in the 24-hole plates for 48 h. Then cells were fixed, permeabilized, and stained with anti-p65 antibody and a secondary antibody conjugated to fluorescent red. The DNA was stained using DAPI. The negative control (p65 antibody not added) and a blank control are both included.
by LEE, providing a novel molecular mechanism for its anti-atherosclerotic effects.
Chemokine and their receptors play an important role in the pathogenesis of atherosclerosis. Tolllike receptor 4 (TLR4) is a kind of pattern recognition receptor which can activate inflammatory signaling pathways when combined with LPS [22] [23] [24] [25] . TLR4 is overexpressed in human atherosclerotic plaques, and has been found to be beneficial in preventing atherosclerosis 20) , high NO production will increase oxidative stress, which is a risk factor for atherosclerosis 21) . Thus, inhibition of iNOS and subsequent overproduction of NO could be helpful to treat atherosclerosis. Our results showed that LEE inhibited iNOS both at the mRNA and protein level in LPS-stimulated VSMCs. Additionally, NO production was suppressed the separation and purification procedures, which are necessarily required to give more information on the specific effective constituents included in LEE. In conclusion, our results showed that LEE markedly inhibited LPS-induced overproduction of inflammatory factors, adhesion molecules and MCP-1 in VSMCs. Additionally, LEE's beneficial effects on atherosclerosis are at least partially depending on p38 MAPK/NF-B signaling pathway.
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All authors approved the final submission and declare that no potential competing interests exist. . In our study, LEE inhibited LPS-induced upregulation of TLR4, which could activate following signal transduction that triggers inflammatory responses. MCP-1 and TNF-are, respectively, the major chemokine and pro-inflammatory cytokines involved in atherosclerosis [27] [28] [29] . Consistent with previous reports, we found that LPS increased TNF-and MCP-1 expression in VSMCs. More importantly, LEE inhibited LPS-induced upregulation of these two factors in a dose-dependent manner.
Mitogen-activated protein kinases (MAPKs) are a group of signaling molecules that regulate inflammatory, proliferation, apoptosis and differentiation through activating several downstream transcription factors 30, 31) . The NF-B signaling pathway can be activated by several atherogenic stimuli, serving as a regulator in inflammatory genes 32, 33) . Thus, NF-B activation pathway can be recognized as a potential therapeutic target for atherosclerosis in clinical applications 34) . NF-B is partially dependent on the phosphorylation of MAPKs 35) . Our data support that LEE markedly inhibited the phosphorylation of p38 MAPK and the nuclear translocation of NF-B in LPS-stimulated VSMCs.
A limitation of the study was that the LEE used in this study are crude extracts from leech. In light of this the present study provides a preliminary explanation for the widespread clinical application of leech (Whitmania pigra Whitman) in the treatment of atherosclerosis. In further studies, focus should be put on Cells were stimulated with LPS for 12 h, and then were treated with LEE for 24 h. Western blot analysis was subsequently used to detect the expression of p38 MAPK, ERK and JNK. Phosphorylated proteins were also detected. P 0.05 vs control, P 0.05 vs LPS, P 0.01 vs LPS. Data are from three independent experiments.
